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VARIATIONS IN LIPID COMPOSITION AT DIFFERENT 
DEPTHS IN THE COW SNOUT EPIDERMIS* 
V. J. W. LONG, PH.D. 
ABSTRACT 
Lipids were extracted from slices taken horizontally through the epidermis of the 
cow snout. The phospholipid, triglyceride, cholesterol, fatty acid and glucose content 
of each slice was determined. The pattern of the changes in lipid composition in the 
epidermis is discussed and related to the process of keratinization. 
In the process of keratinization, cells derived 
from the basal layer are continually moving 
towards the surface of the skin. The cells in 
the basal layer and prickle cell layers are 
metabolically active and capable of prolifera-
tion. In the granular layer, degeneration of the 
nucleus and internal membranes of the cell 
commences until in the · stratum corneum only 
the keratin formed within the cell and the 
outer cell membrane remain. Thus lipids, which 
are essential constituents of cell membranes, 
should play a significant role in keratinization. 
In previous in vitro experiments, it was 
shown that, in the absence of glucose, skin cells 
degrade endogenous phospholipid (1, 2). A 
concentration gradient of glucose in the epi-
dermis was proposed since the concentration of 
glucose in the human epidermis is only 35-67% 
of the blood concentration (3) and the glucose 
reaches the epidermis by diffusion from the 
blood vessels in the dermis. The phospholipid 
content of the epidermis might therefore be 
expected to decrease from the basal layer to 
the stratum corneum. 
In this paper, the lipid compositions and 
glucose contents of horizontal slices taken 
through the cow snout's epidermis have been 
determined. In 1932, Kooyman (4) analyzed 
the lipids from stratum corneum and basal 
layer of human epidermis, but with human 
epidermis it is difficult to obtain more than 
these two sections. The cow snout, however, 
has a comparatively thick epidermis from 
which five or six slices can be obtained. 
MATERIALS AND METHODS 
Extraction of lipids from skin slices. Cow snouts 
were obtained immediately after slaughter, washed 
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with water and the kin surface wiped lightly with 
an ethanol impregnated swab. Five or six slices of 
epidermis (0.2 mm) were obtained using a 
Castroviejo keratotome (John Weiss and Son, 
Wigmore Street, London W.I.) from an area of 
the snout that was free of sebaceous glands. 
Portions of the s:ices w re fixed in buffered formal-
saline and stained with haematoxylin and eosin. 
The remainder of the lices were weighed and 
ground with chloroform-methanol (2:1, v/v) in a 
glas:5 ti sue grinder. Grinding and extraction was 
repeated twice and the extracts of lipids taken to 
dryness under nitrogen. The residues were redis-
solved in chloroform-methanol (2: 1 v/ v) and 
taken to dryness again under nitrogen. This 
procedure was repeated once more to ensure 
cleavage of proteo-lipids. The residues were 
redissolved in chloroform-methanol (2: 1 v /v) 
and th extracts of lipids washed by the method of 
Folch. Lees and Sloane-Stanley (5). The washed 
extracts were dried over sodium sulfate . 
Fractionation of lipids . Portions of total lipid 
extract were applied under nitrogen to a thin 
l:l.yer (0.50 mm) plate (20 X 20 em) of silica gel 
G (Merck A.G .. Darmstadt, Germany) which had 
been activaterl. at 110° for 30 minutes. The plate 
was de,·eloped with light petroleum (boiling point 
rangf' 30°-40°)-diethyl ether-glacial acetic acid 
( 80:20: 1. v /v / v). dried and exposed to iodine 
vapor. The following lipid classes were obtained: 
phospholipids. free sterols, free fatty acids, 
triglycerides and sterol and wax esters. The sterol 
and wnx esters were eluted from the silica with 
chloroform, the triglycerides and sterols with 
chloroform-methanol (2: 1, v /v) and the fatty acids 
with chloroform-methanol ( 4:1, v /v). Th sil ica 
gel containing the pho pholipids was analyzed 
directly for phosphorus and the other compounds 
were assayed colorimetrically as described below. 
Analysis of lipid classes. Cholesterol and 
cholesterol esters were determined with the color 
reagent of Courchaine, Mill er and Stein (6). The 
assay was reduced in scale to increase the sen-
sitivity. However , in the modified version the heat 
developed on the addition of the color reagent 
was in ufficient for complete color development. 
Consequently a heating step was necessary. After 
addition of the reagent (0.4 ml) to the sample in 
glacial acetic acid (0.6 ml) the solutions were 
heated at 60° for 5 minutes in the determination of 
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FIG. 1. ections of epidermis stained with hematoxylin and eo in. (a) Sections from six 
epidermal slices of 0.2 mm thickness taken through the epidermis from the stratum corneum (1) to the basal layer (6). (b) Section of the total epidermis from the stratum corneum (S) 
to the ba allayer (B). The epidermis is approximately 12 mm thick. 
s 
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cholesterol and for 15 minutes in the determination 
of cholesterol esters. Triglycerides were determined 
by the method of Van Handel and Zilversmit (7) 
and free fatty acids by the method of Novak (8). 
The silica gel containing the phospholipids was 
boiled with 72 % ( w /w) perchloric acid ( 0.9 ml) 
for 30 minutes. The digest was made up to a 
volume of 3.5 ml with distilled water and 10% 
aqueous ammonium molybdate (0.5 ml) added. 
The phosphomolybdate complex was extracted 
and determined as described by Ernester, Zetter-
strom and Lindberg ( 9). 
Analyses were carried out in duplicate with the 
exception of the determination of free fatty acids, 
in which insufficient material was available. 
Determination of glucose in skin slices and blood. 
Skin slices obtained immediately after slaughter 
were placed in 0.6 M perchloric acid ( 1.0 ml) at 
oo. The slices were ground with perchloric acid at 
0° in glass tissue grinders. After centrifugation, the 
supernatants were removed and the residues were 
washed with 0.6 M perchloric acid. The superna-
tants plus washings ( 1.5 ml) were neutralized with 
2M KOH and made up to. standard volumes with 
distilled water. The supernatants were assayed in 
duplicate for glucose using hexokinase and glucose-
6-phosphate dehydrogenase and by measuring the 
reduction of NADP. 
To portions (0.2 ml) of the supernatants the 
followino- solutions were added. Triethanolamine 
buffer, pH 7.5, (0.3 M) containing 0.004 M MgS0.1 
(0.65 ml), 0.0012 M aqueous solution of NADP 
(0.025 ml), 0.016 M aqueous solution of ATP 
(0.025 ml) and, after mixing, the optical densities 
of the solutions were measured at 340 nm. A sus-
pension of hexokinase (1 mg/ ml) and glucose-6-
phosphate dehydrogenase (2 mgjml) in 3.2 M am-
monium sulphate solution, pH 6, (0.005 ml) was 
then added with mixing and, after 10 minutes, the 
optical densities of the solutions were remeasured 
at 340 nm. Glucose-6-phosphate was measured us-
ing the same assay system with the omission of 
ATP and hexokinase. All the reagents were sup-
plied by Boehringer Ltd., Mannheim, Germany. 
Blood was obtained from the cow during 
·laughter and a portion (0.1 ml) pi petted im-
mediately into 0.6 M perchloric acid at oo and 
treated as de cribed above. 
RESULTS 
Sections of typical skin slices, which were 
stained with hemato:xylin and eosin, are shown 
in Figure 1. With most animals six epidermal 
slices \vere obtained with the keratotome. Ani-
mal 6 and 8 had thinner skins, so that only 
five epidermal slices were obtained before the 
dermis had been reached. 
The lipid analyses of the skin slices obtained 
from the cow snouts are summarized in 
Tables I-IV. The efficiency of recovering the 
various lipid classes from the silica gel was 
TABLE I 
Phospholipid content of epidm·mal slices 
Phospholipids (nmole/mg wet wt of skin) 
Skin slice Animal number 
1 2 3 4 5 6 
---- -- --
----
1. Stratum 3.13 3.74 1. 77 4.97 3 .01 3.23 
corneum 
2. 4.84 9.94 6.78 13.12 . 4 10.71 
3. 8. 14 12.91 12 .30 13. 0 11 .61 12 .30 
4. 9.04 15 .15 15.50 9.90 14.26 10 .79 
~: Basal layer 7.30 14 .63 14 .42 6.30 12.03 5.68 5.78 11.51 10.32 5.49 8.71 -
TABLE II 
Cholesterol content of epidermal slices 
Cholesterol (nmole/ mg wet wt of skin) 
Skin slice Animal number 
1 2 4 5 6 
--
1. Stratum cor- 6.13 6.44 7.60 5.74: 6.49 
neum 
2. 5.25 4.09 6.18 4.99 3.18 
3. 5.32 4.37 6.02 4.11 5 .01 
4. 5.82 4.58 4.32 4 .65 4.03 
~: Basal layer 5.69 4.68 2.53 3 .12 1.50 3.52 3.51 2.12 2.71 -
TABLE III 
Tt·iglyceride content of epidermal slic s 
Triglycerides (nmole/ mg wet wt 
of skin) 
Skin slice Animal number 
3 4 5 6 
1. Stratum corneum 5 .08 3.21 2 .78 2.46 
2. 1. 74 0 .69 1.23 0 .35 
3. 0.29 0.28 0 .23 0.11 
4. 0.03 0.18 0 .12 0.21 
5. Basal layer 0.02
 0 .19 0.29 0.06 
6. 0.26 0.06 0.12 -
determined in a separate experiment. The 
recoveries were cholesterol oleate, 98%; cho-
lesterol, 90%, glycerol trioleate, 96%; and 
phosphatidylcholine, 90%. Although spots were 
obtained on the thin layer plates that corre-
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TABLE IV TABLE V 
Fatty acid content of epidermal slices Glucose content of epidermal slices 
Fatty acids (nmole/ mg wet wt 
of skin) 
Gl~cose (nmole/ mg wet wt 
of skin) 
Skin slice Animal number Skin slice Animal number 
4 5 6 7 8 9 10 
1. tratum corneum 2.21 3.91 2.06 1. Stratum corneum 0.14 0.08 0.08 0.08 
2. 0.52 1.80 0.44 2. 0.13 0.07 0.06 0.16 
3. 0.37 0.69 0.12 3. 0.18 0.09 0.05 0. 13 
4. 0.41 0.65 0.12 4. 0.25 0.33 0.14 0. 44 
~: Basal layer 0.42 0.66 0.30 0.49 0.70 - ~: Basal layer 0.59 0 .92 0 .67 0.96 0.90 - 1.48 1.21 
Blood - - 4.46 
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FIG. 2. Change in lipid and glucose content of epidermis with depth in the epidermis . 
-0-, phospholipids; -0-, cholesterol; - • -, triglycerides; -6-, fatty acids; --11- - , 
gluco e. 
sponded in Rf with cholesterol ester standard it 
was found that these were not cholesterol 
est r . The compound did not appear to be a 
wax e ter or squalene. It may be a hydrocarbon, 
but it has not been positively identified. 
The gluco e contents of the skin slices are 
shown in Table V. Glucose-6-phosphate was 
not found in significant amounts. Glucose 
oxida e reagent gave similar values. 
The results of a typical experiment are 
plotted in Figure 2 to show the pattern of 
the changes in lipid composition in the epi-
dermis. In going from the basal layer to the 
stratum corneum the phospholipid content in-
creased at first and then fell dramatically 
towards the skin surface. The glucose content 
decreased steadily at first and then leveled out 
towards the skin surface. The fatty acid and 
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triglyceride contents of the lower slices of 
epidermis were small and fairly constant, but 
the two upper layers of epidermis had much 
higher contents. The cholesterol content m-
creased slightly towards the skin surface. 
DISCUSSION 
When skin slices were cultured in medium, 
'''ithout added glucose, the skin cells degraded 
endogenous phospholipid (1, 2). These in vitro 
experiments suggested that lack of glucose 
might induce skin cells to degrade endogenous 
phospholipid in vivo and therefore be im-
portant in the process of normal kera tiniz.a-
tion. 
The existence of a concentration gradient of 
glucose in the epidermis has now been demon-
strated. In the cow snout, there is a concen-
tration gradient of glucose in the lower layers 
of the epidermis, but ·the glucose concentra-
tion is very low and relatively constant in the 
upper layers of the epidermis. At the point 
at which the glucose concentration levels out, 
the phospholipid content of the epidermis 
starts to decrease and continues to decrease 
drastically towards the skin surface. This is 
consistent with the view that the phospho-
lipids constituting the internal membranes of 
the cell are degraded when the glucose con-
centration is low or reaches a limiting value. 
Kooyman ( 4) has demonstrated a similar de-
crease in phospholipid content of stratum 
corneum compared with basal layer in human 
skin . 
It is not clear what happens to the phospho-
lipid when they are degraded. A possible in-
terpretation is that the phospholipids are de-
graded by phospholipases with loss of their 
fatty acids to glycerol phosphate which is 
converted via phosphatidic acid into diglycer-
ides and finally triglycerides. This would ac-
count for the observed increase in free fatty 
acids and triglycerides in the upper layers of 
the epidermis. The increase in the triglycerides 
may be due to an increase in phosphatidate 
phospholydrolase activity caused by lack of 
glucose. The activity of this enzyme has been 
found to be rate limiting in liver homogenates 
from fed rats and to be increased in starved 
rats (10). Presumably the activity of the di-
glyceride acyltransferase is increased at the 
expense of the enzyme converting diglyceride 
into phospholipid. 
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